Aim To compare the predictive outcome of ocular burns using two different prognostic classification systems, that is, Dua and Roper Hall classification. Patients and methods In a prospective, randomised, controlled clinical trial, the extent of acute ocular burns in 100 patients was graded by Roper Hall and Dua classifications. Patients were randomised in two groups of 50 each to receive conventional medical therapy alone or additional amniotic membrane transplantation (AMT). Moderate burns were graded similarly (grade II and III) under both systems, while severe burns were classified differently and compared further. Baseline parameters (size of epithelial defect, corneal haze, limbal ischaemia, conjunctival involvement and visual acuity) and outcome variables (healing of epithelial defect, corneal clarity, corneal vascularisation, visual outcome and symblepharon) after 1 year were noted and compared.
INTRODUCTION
Ocular burns resulting from chemical or thermal injuries lead to extensive and permanent damage to the eye, with visual recovery and healing depending on the extent of initial damage to the ocular tissues. 1 Various prognostic classification systems based on the extent of ocular damage are available. The Roper Hall classification system 2 is most commonly applied for classifying acute chemical burns and provides prognostic guidelines based on the degree of corneal haze and extent of limbal ischaemia.
Dua et al have introduced a new, modified classification system 3 which takes into account the extent of limbal involvement in clock hours and percentage of conjunctival involvement, and subsequently an analogue scale is tabulated for recording the clinical status and grade of ocular surface burn. The advantage of the quasi-analogue scale is that it allows flexibility between 'grades,' especially with regard to conjunctival involvement, as can be seen in real clinical situations. The scores can be recorded on a daily basis following acute burns and can be compared from time to time to predict progression and outcome more accurately.
It is true that the management of ocular surface burns has undergone a dramatic change with the introduction of limbal stem cell transplantation and amniotic membrane grafting. According to Dua et al, one can expect a better prognosis in milder cases of severe burns, all of which have been assigned a single category (grade IV) under the Roper Hall classification system. Hence, Dua et al subclassified patients with grade IV burns into three subclasses on the basis of their series of 67 patients with ocular surface burns. They demonstrated that not all burns with 50e100% limbal involvement could have the same prognostic outcome and that the prognosis of patients with 100% limbal involvement is much worse than patients with just over 50% limbal involvement and ideally should not be grouped together. 3 Various authors are of the view that there are lacunae in the Roper Hall classification system, but the Dua classification has not yet been validated in randomised, prospective clinical trials to provide substantial evidence that it is better than Roper Hall classification for improving patient management and predicting outcome in ocular burns. 4 We undertook a prospective, clinical study to evaluate the role of amniotic membrane transplantation (AMT) as an adjunct to standard medical therapy in acute ocular burns. 5 The burn injuries were classified using Roper Hall and Dua classification systems. We analysed the data gathered through this study with a view to comparing the prognostic value of the two classification systems.
PATIENTS AND METHODS
Patients presenting with acute chemical or thermal ocular burns at Dr Rajendra Prasad Centre for Ophthalmic Sciences, All India Institute of Medical Sciences (AIIMS) were included. Approval for conducting the study was obtained from the Ethics Committee, AIIMS, New Delhi, India.
A detailed ophthalmic workup including history was performed. Visual acuity was recorded using Snellen charts and converted to logMAR equivalents using a conversion table. Slit-lamp biomicroscopy was used to note the extent of conjunctival involvement (%), 3 limbal involvement in clock hours and presence of symblepharon. Cornea was examined for extent of haze, grade of clarity, size of epithelial defect and corneal vascularisation. Corneal clarity was given a value from 0 to 4 (table 1). The size of the epithelial defect was measured on the slit lamp aided by fluorescein staining and the area calculated by product of the dimensions of the largest diameter and the diameter perpendicular to it.
The burns were classified using Roper Hall and Dua classification systems.
Fifty patients with moderate burns (grades II and III by Roper Hall and Dua classification) and 50 patients with severe burns (grade IV by Roper Hall classification and grades IV, V and VI by Dua classification) were included. After obtaining informed consent, the patients were randomised by stratified randomisation using a treatment assignment list prepared with the help of a table of random numbers. Serial numbers were given to the cases, and concealed randomisation using sealed envelopes was followed to decide whether a subject would either receive AMT combined with medical therapy or conventional medical therapy alone. Patients with bilateral involvement were randomised as individuals, and the right eye was randomised.
Medical treatment
All patients included in the study were started on medical therapy, which included topical prednisolone acetate (1%) every 6 h; ofloxacin (0.3%) every 6 h; sodium ascorbate (10%) every 4 h, sodium citrate (10%) every 4 h and preservative-free tear substitutes every 2 h; homatropine (2%) twice daily and oral vitamin C (500 mg) every 6 h for 2 to 4 weeks. Antiglaucoma therapy including timolol maleate 0.5% drops and/or oral acetazolamide was prescribed if required.
Patients in the study group received medical therapy in addition to amniotic membrane transplantation, while the control group received medical therapy alone.
Analysis strategy
Data collected were analysed to evaluate the two classification systems in relation to the final outcome to assess their predictive value. The differences in baseline variables were noted in 50 patients with severe burns. As the mode of intervention may have influenced the final outcome, the analysis of the patients treated with medical therapy and patients treated with AMT in addition was done separately. Parameters evaluated to assess the predictive value in determining the final outcome included time taken and rate of healing of the damaged corneal epithelium, corneal clarity, extent of corneal vascularisation (implying limbal stem cell deficiency), visual outcome and presence of symblepharon. The final outcome was analysed in patients with severe burns to note whether there was any significant difference between grades IV, V and VI by Dua classification, which were classified into a single grade (IV) by Roper Hall.
Statistical analysis
Data analysis was carried out using STATA 9.0. Data were described as number (%) or median (range). Continuous response variables were compared between the groups using KruskaleWallis test, since the data were non-normal. Categorical response variable were analysed between the groups using c 2 test/Fisher exact test as appropriate. Any p value less than 0.05 was considered statistically significant.
RESULTS
Roper Hall classified acute ocular burns into four grades 2 and assigned a single grade (IV) to all patients with more than 50% limbal ischaemia. Dua et al proposed a modification of this classification system by dividing all cases of acute ocular burns into six grades, keeping grade II and III exactly similar (moderate burns) to the original classification. The only difference in the new classification was grading of patients with more than 50% limbal ischaemia (subdivided into grade IV, V and VI) and the incorporation of conjunctival involvement as an additional parameter.
Patients
One hundred eyes of 100 patients with acute ocular burns were included. The average age of the patients was 22 (4e52) years, with 87 males and 13 females who participated in the study. Out of a total of 50 patients with moderate burns, 24 were grade II, and 26 were grade III. There were 50 patients with severe burns (grade IV by Roper Hall classification) who were subdivided further into three groups by Dua classification system and comprised 12, 16 and 22 patients respectively (table 2).
The differences in baseline variables under the two classification systems in a total of 50 patients with severe burns are summarised in table 3. The average follow-up of patients with acute ocular burns was 13.263.8 months.
Severe burns treated with standard medical therapy
The average time taken for complete healing of the epithelial defect in group IV by the Dua system (31 days) was less than in group VI (60 days), implying faster healing rate in patients with 50e75% limbal involvement as compared with patients with 100% limbal involvement, though the results were not statistically significant (p¼0.082).
The extent of limbal stem cell deficiency was adjudged by the degree of corneal vascularisation at the final visit. There was a statistically significant difference in the extent of corneal vascularisation (p¼0.029) in grade IV and grade VI ocular burn by Dua classification, thereby illustrating the importance of subclassifying grade IV Roper Hall classification into three separate grades (ie, IV, V and VI) by Dua et al (table 4) .
Severe burns treated with AMT and standard medical therapy
Degree of corneal clarity achieved in patients with grade IV burns was significantly better when compared with patients with either grade V (p¼0.045) or grade VI (p¼0.024) ocular burn. In cases with 50e75% limbal involvement (grade IV burn by Dua classification), the final visual acuity was significantly better than patients with total limbal stem cell damage (grade VI burn). Degree of corneal vascularisation was significantly 
Conjunctival involvement
The conjunctival involvement ranged from 0 to 50% in patients with moderate burns, the average being 20%. In patients with severe burns, the conjunctival involvement ranged from 0 to 100%, the average being 25%. The relevance of inclusion of conjunctival involvement in the prognostic classification of Dua et al was studied and statistically analysed. There was a significant difference in outcome in terms of corneal vascularisation between patients with 0e25% conjunctival involvement and patients with 100% conjunctival involvement (p¼0.0008). Moreover, in grade 5 ocular burn (75e99.9% conjunctival involvement), the outcome in terms of corneal vascularisation in patients with 0e25% (n¼7) conjunctival involvement was significantly different from patients with 26e50% (n¼8) conjunctival involvement (p¼0.05), signifying the importance of conjunctival involvement. Patients with less than one-fourth conjunctival involvement had a better prognosis than patients with more than 25% loss of conjunctival tissue, even when the extent of limbal damage was similar. The correlation of conjunctival involvement at presentation with development of symblepharon at the final visit was also studied. In patients who received standard medical therapy alone, the degree of conjunctival involvement was significantly more in patients with symblepharon formation at the final visit (p¼0.016). Patients who were treated with AMT along with conventional therapy also demonstrated that the degree of conjunctival involvement significantly affected the final symblepharon formation (p¼0.013).
Role of current management strategies
The role of interventional strategies like AMT in deciding the outcome in various grades of Dua classification was also studied. The outcome in terms of extent of corneal vascularisation in ocular surface burns after AMT was significantly better (p¼0.0124) in grade IV burns. On the contrary, patients with grade 6 burns demonstrated no significant improvement in outcome with AMT (p¼0.9181). Extensive symblepharon formation was seen in grade VI burns (15) as against grade IV burns (8) at the final visit (p¼0.0000). Moreover, AMT was efficacious in preventing symblepharon formation in group IV but not in group VI (p¼0.0082).
DISCUSSION
Various prognostic classification schemes for chemical injuries exist and are used to grade ocular burns for identifying appropriate treatment and forecasting outcome. 2e4 Roper Hall classified all patients with 50e100% limbal ischaemia into a single group (grade IV) and predicted a similar outcome in all such cases. 2 Dua et al stressed that the prognosis and outcome of patients with 50e100% limbal ischaemia cannot be similar, and they should be classified into different grades to facilitate proper management of such cases. 3 6 We therefore studied the difference in outcome between grade IV, V and VI burns by Dua classification and whether the Dua classification offers a superior predictive value in patients with acute ocular burns.
We report a significant difference in outcome in patients who were classified in the same group by Roper Hall. In patients with severe burns who were treated with medical therapy alone, the extent of corneal vascularisation was significantly different between grade IV and grade VI ocular burn (p¼0.029) by Dua classification. Likewise, in patients who received AMT, the degree of corneal vascularisation was significantly more extensive in patients with either grade V (p¼0.022) or grade VI burn (p¼0.005) as compared with grade IV burns, denoting the relevance of subclassifying grade IV Roper Hall classification into three groups. Corneal vascularisation, a marker of limbal stem cell deficiency, is an important outcome variable in all cases of acute chemical burns. The extent of limbal stromal inflammation and conjunctivalisation of the cornea decides the ultimate outcome in all cases of acute ocular burns.
In our study, the degree of corneal clarity achieved in patients with grade IV burns was significantly better than grade V (p¼0.045) or grade VI (p¼0.024) ocular burn. In cases with 50e75% limbal involvement (grade IV burn by Dua classification), the final visual acuity was better than patients with total limbal stem cell damage (grade VI burn). Hence, these cases, which were grouped together by Roper Hall, were shown to have a varied final outcome, thus validating the Dua classification.
In the Dua classification system, conjunctival involvement is taken as an important parameter for assessing severity. The presence of any surviving conjunctival epithelium in a case of total ocular burn with 100% limbal ischaemia and total corneal epithelial defect is a favourable prognostic factor. In our study, symblepharon formation correlated positively with the extent of conjunctival involvement, regardless of the therapy instituted. The prognosis was significantly better in patients with 25% conjunctival damage as compared with patients with 100% loss of conjunctival tissue. In patients with the same degree of burn (grade 5: 50e75% limbal involvement) under Dua classification, the outcome was better in patients with more surviving conjunctival epithelium.
Ocular surface reconstruction procedures are being extensively used in patients of ocular burns for rehabilitation and improving visual outcome in such cases. 7 With the advent of LSCT 8 and amniotic membrane grafting, 9e11 the prognosis of less severe grades of burns is enhanced. In our study, AMT was beneficial in patients with 50e75% limbal involvement and resulted in improved outcome in grade IV burns by Dua classification.
The prognosis of Dua grade VI burns is poor, and the use of AMT for grade VI burns is limited. This may be due to the presence of chronic ocular surface inflammation in these cases, which could affect the success of AMT and limbal transplantation procedures. It is not enough to simply note the healing of the epithelial defect, but to ascertain the nature and morphology of the covering epithelium. Impression cytology is a good method to monitor the inflammatory status 12 and also to assess whether the covering epithelium is corneal or conjunctival in origin. Hence, classification schemes could be improved further to incorporate the inflammatory status to better prognosticate outcome in these cases.
The International Life Sciences Institute (ILSI) in the USA has reported their classification scheme for chemical injuries 13 with 
